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CONVERSION FACTORS

For the convenience of readers who may prefer to use metric units rather than
the inch-pound units used in this report, values may be converted by using the
following factors:

Multiply inch-pound unit By To_obtain metric unit
foot (ft) 0.3048 meter (m)
acre-foot (acre-ft) 1233 cublc meter (m3)
0.001233 cubic hectometers (hma)
cubic foot per second (fts/s) 0.02832 cubic meter per second (m3/s)
28.32 liters per second (L/s)
milligrams per liter (mg/L) 0.00136 tons per acre-foot (tons/acre-ft)

Sea level: In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.



WELL DATA, SURFACE-WATER DISCHARGES, AND NITRATE CONCENTRATIONS,
FEBRUARY 1986 - SEPTEMBER 1987, IN PARTS OF THE
PASCO BASIN, WASHINGTON

By B. W. Drost, K. M. Schurr, G. P. Ruppert, and S. E. Cox

ABSTRACT

The U.S. Geological Survey, in cooperation with the State of Washington
Department of Ecology, initiated a study in 1986 of parts of the Pasco basin,
Washington, to determine: (1) the effects of dams, irrigation, canal seepage,
and ground-water pumping on ground-water levels; (2) the quality of ground
water, with emphasis on probable sources of large concentrations of nitrate;
(3) whether pesticides are present in the ground-water system; (4) directions
and general rates of movement of undesirable chemicals and (or) chemical
concentrations in the ground-water system; and (5) the possible results of
various management alternatives for dealing with high ground-water levels and
large concentrations of nitrate in ground water.

This report contains selected basic data collected from the start of the
project (February 1986) through September 1987. The ground-water-level
network consisted of about 500 wells that were measured in February 1986,
September 1986, and February 1987. Water levels were measured monthly in
about 70 wells, and 5 wells were monitored with continuous recorders during
the same period.

A surface-water-flow gaging network was operated from February 1986
through July 1987. All major flows into and out of the project area were
gaged for at least one full year. Miscellaneous measurements were taken
at additional locations.

Ground- and surface-water samples were collected and analyzed for nitrate
concentrations and specific conductance. Most of the water-level network
wells and selected surface-water sites were sampled in September 1986.

Selected wells were sampled periodically from September 1986 through September
1987.



INTRODUCTION

The Pasco basin (fig. 1) includes approximately 2,000 square miles of
south-central Washington. The basin has a diverse economy ranging from
dryland and irrigated agriculture to the U.S. Department of Energy’s Hanford
site. The climate is arid to semiarid, and essentially the entire basin
receives less than 10 inches of precipitation annually. Over the last 40
years, much of the basin has been changing from rangeland and dryland farming
into one of the major irrigated agricultural areas of the Northwest. Signifi-
cant volumes of water have been diverted from the river systems into this area
for irrigation. There have also been significant increases in ground-water
pumping.

A variety of water problems have resulted, both directly and indirectly,
from the significant increase in irrigation in the basin. The use of surface
water for irrigation has been linked to significant rises in ground-water
levels in many areas (through percolation of surface water applied on crops
and (or) seepage from canals and laterals). Ground-water levels have also
risen due to higher river levels, caused by dams on the Columbia and Snake
Rivers. Rising ground-water levels in some areas reportedly have resulted
in septic system failures, damage to roads, and loss of agricultural land
because of ponding. Rising ground-water levels have been suggested as a
cause of landslides along the Columbia River. Pumping of ground water has
lowered water levels in some areas, causing concern over the future avail-
ability (and cost) of ground water for irrigation. Large concentrations of
nitrate observed in water from some wells have been linked to application of
fertilizers and (or) failure of septic systems. There is concern also that
pesticides, which have been used in the area for many years, may have contam-
inated drinking water supplies, or may do so in the future.

Purpose and Scope

The U.S. Geological Survey, in cooperation with the State of Washington
Department of Ecology, initiated a study in 1986 in parts of the Pasco basin
(fig. 1) to determine:

1) The separate effects of dams, irrigation, canal seepage, and ground-
water pumping on ground-water levels;

2) The quality of the ground water, with emphasis on probable sources of
large concentrations of nitrate;

3) Whether pesticides are present in ground water in selected areas that
have experienced long-term pesticide use.

4) The directions and general rates of movement of undesirable chemicals
and (or) chemical concentrations in the ground-water system;

5) The possible results of various management alternatives for dealing
with high ground-water levels and large concentrations of nitrate in
ground water.

The purpose of this report is to make available selected data collected
during the early stages of the study, from February 1986 through September
1987. The geologic units tapped by wells are not indicated in this report;
the determination of geologic units is an interpretive process that will
continue throughout analysis and modeling of the ground-water system.









METHODS OF DATA COLLECTION

Ground-Water Data

Well Selection

Wells were selected for the ground-water-level network primarily to
achieve a good areal distribution of wells tapping each aquifer. Using
information contained in drillers’ logs, wells were selected that appeared
to draw water from only a single aquifer. Some wells were included in the
network because they had historical water-level records.

In areas where high ground-water levels and (or) large nitrate concen-
trations were reported, the desired observation-well density was one well
per aquifer per one-sixteenth of a section; and in other areas, the desired
density was one well per aquifer per one-quarter of a section. The well
selection in each area was limited by the availability of wells, permission
to measure, and the ability to obtain measurements and samples. Water levels
and well records for the wells comprising the ground-water-level network are
contained in table 1 (end of report).

Well-Location Data

In the field, well owners were contacted and data on the drillers’ well
logs were cross-checked (driller’s name, well depth, year drilled, casing
diameter, and well location) in order to match the drillers’ well logs with
the proper wells. The owners were asked also about any construction changes
that might have been made to their wells.

Sketch maps, made in the field, included the distance from each well to
a known point on a topographic map (generally road intersections). Most
distance measurements were made with vehicle odometers. Well locations were
plotted on 1:24,000-scale topographic maps in the field and then were checked
against the sketch maps in the office.

Local numbers were assigned from plots on the topographic maps accord-
ing to the well-numbering system described previously. On subsequent visits,
locations were rechecked from the sketch maps and topographic plots, and, in
some cases, were checked against aerial photographs.

Latitudes and longitudes were determined from the topographic map plots
and are generally accurate to within 2 seconds. In rare cases, they may be
accurate only to within 10 seconds.

Altitudes were assigned from the topographic maps and are generally accu-
rate to within 10 feet. In steep terrain, or where the precise location is
in doubt, the error may be as great as 40 feet. A few wells were checked with
altimeters (accurate to within 5 feet) and a few had been surveyed (accurate
to within 1 foot) for other projects.



Well-Construction Data

Nearly all of the values for well depths and open intervals are from
drillers’ logs or from well owners. In some abandoned wells or piezometers,
depths were measured. Open intervals were interpreted directly from drillers’
data. If the driller indicated that a solid casing was present in an inter-
val, then it was assumed the interval was not open. This is not always true,
however, because the casing may be underfit (much smaller than the hole) and
water could move up or down the outside of the casing to an open interval.

Water Levels

Water levels were measured in approximately 500 wells during three mass
measurements in February 1986, September 1986, and February 1987. These
periods were chosen to determine water levels preceding the application of
irrigation water (about mid-March) and just prior to the cessation of irri-
gation (about October 1). About 70 of these wells were measured monthly.
Water-level recorders were installed in five wells; hydrographs for these
wells are shown in figure 2. Additional water-level recorders, operated by
other agencies, were in operation in the project area during the period
February 1986 to February 1987. These records are not included in this
report.

Water-level measurements were made according to the procedures in the
"National Handbook of Recommended Methods for Water-Data Acquisition” (U.S.
Geological Survey, 1977), with the following modifications:

1) Each water-level measurement was repeated at least once to verify the
accuracy of the measurement and to determine the status of the water
level. The status check indicates whether the water level was
static or changing iIn response to a stress (such as recent pumping
in the well or in a nearby well).

2) Steel tapes were preferred for water-level measurements, and levels
were measured to 0.01 foot. If two steel-tape measurements were
within 0.02 foot, then the measurement was considered good and the
water level considered static. When the two were not within 0.02
foot of each other, then additional measurements were made to
determine whether there was measurement error or a water-level
status problem. Changing water levels were common in basalt wells
where drawdowns are large and recoveries are slow. The second
measurement was generally taken within 5 minutes of the first, and
therefore extremely slow water-level changes may not have been
observed.

3) Electrical tapes were used where steel tapes were inappropriate
(casing or hole too wet, cascading water, pumping well). Because
electrical-tape measurements are less accurate than those made with
steel tapes, water levels were measured to 0.01 foot, but reported
only to 0.1 foot. Two successive measurements were made, usually
within 5 minutes. If they did not match within 0.04 foot, then
further measurements were made in order to establish the measurement
accuracy and the water-level status. Electrical tapes are subject
to stretching, therefore, all electrical tapes were periodically
checked against steel tapes.
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Figure 2.--Hydrographs of wells with continuous recorders.




Surface-Water Data

Site Selection

A surface-water-flow gaging network was established to monitor all sig-
nificant surface-water flow in and out of the study area. Inflow and outflow
points were identified from topographic maps, air photos, field visits, and
information supplied by personnel of the irrigation districts. In most cases,
inflows are major irrigation canals and outflows are irrigation wasteways.
Some outflows are a mixture of irrigation waste flows (return flows and
through flows), storm runoff, and spring flows.

Some sites were chosen at intermediate locations between inflow and out-
flow points to determine the distribution of flow within the major irrigation
systems. One site was established on the Columbia River to monitor the varia-
tion in river stage only.

Figures 3 and 4 show the location of the surface-water sites (39 gaging
stations, 1 elevation station, and 13 miscellaneous-measurement sites) oper-
ated by U.S. Geological Survey personnel, and tables 2 and 3 (at end of
report) list the site records. The project surface-water network includes
sites operated by other agencies (primarily the U.S. Bureau of Reclamation),
but only Survey sites are included in this report. Gages were operated to
obtain at least one complete year of record at each site, although not all
gages were operated during identical periods. The first records were
collected in February 1986, and all gages had a complete year of record by
July 1987.

Station Identification Numbers

Each gaging station was assigned a unique number that is retained indefin-
itely. The system used by the U.S. Geological Survey to assign these numbers
is based on geographical location. The "downstream order"” system, with some
modification, was used for stations with continuous record. No numbers were
assigned to sites where only miscellaneous discharge measurements were made.

The "downstream order" system uses eight-digit numbers that normally
increase in a downstream direction. Stations on a tributary that enter between
two sites are numbered between those two. The numbers are not necessarily
consecutive because gaps are left for possible additional stations.

For canal systems that flow only during the irrigation season, station num-
bers begin at the head of the canal system, based on the diversion point from
the river system, and increase downstream. A few canal systems flow year-round
as a result of spring flows into the canals. In these systems, stations were
numbered as if they were natural tributaries to the river system into which
they discharge, with station numbers assigned at the discharge point and
decreasing in the upstream direction.
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Discharge Calculations

Records of stage were obtained either from automatic recording devices,
which usually recorded once every 30 minutes, or from readings, usually once-
daily, of staff gages. For some stations, there were periods when either no
gage-height record was obtained or the record was unusable.

Discharge was computed from direct measurements and stage records using
the standard methods outlined in "Measurement and Computation of Streamflow"”
(Rantz and others, 1982).

Data Presentation

The data for each gaging station (table 2) consist of two parts--the
manuscript or station description, and the data table. The manuscript
provides, under various headings, descriptive information as follows:

LOCATION. - -Information on location was obtained from the most accurate maps
available. Latitude and longitude were determined to the nearest second.
The location of the gage with respect to the cultural and physical features
in the vicinity and with respect to the reference place mentioned in the
station name is given.

GAGE.--The type of gage used, either recording or staff, is given. Altitudes
were assigned from topographic maps and are generally accurate to within
10 feet.

REMARKS . --All periods of estimated daily discharge are identified.

A statement on the accuracy of the records follows. The accuracy
depends primarily on: (1) The stability of the stage-discharge relation,
(2) the accuracy and completeness of stage record and discharge measure-
ments, and (3) interpretation of records. "Excellent" means that about
95 percent of the daily discharges are within 5 percent of the true values;
"good,”" within 10 percent; and "fair," within 15 percent. Records that do
not meet these criteria are rated "poor." Different accuracies may be
attributed to different parts of a given record. No accuracy was assigned
to elevation record.

For stations on canal systems, the initial point of diversion into the
system is identified.

EXTREMES. - -Maximum discharge, unless otherwise qualified, corresponds to the
highest stage that was recorded or observed. For stations that had flow
only during irrigation season, no minimum was noted. For stations that
flowed continuously, the minimum was identified in the same manner as the
maximum.

The daily table for a gaging station gives the mean discharge in cubic
feet per second for each day, and is followed by monthly summaries.
Discharges are reported to the nearest hundredth of a cubic foot per second
for values less than 1, to the nearest tenth between 1 and 9.9, and in whole
numbers between 10 and 1,000. The number of significant figures used is
based solely on the magnitude of the discharge value. Elevations are
reported to 0.1 foot.

11



Records published for each miscellaneous site (table 3) consist of the
site name, the stream or irrigation system to which it is tributary, site
location, and measurement date and discharge. Location data were derived,
and discharges measured, using the same methods described for gaging stations.

Water-Quality Data

During the September 1986 water-level mass measurement, water samples
were collected from most of the wells in the ground-water-level network.
These samples were analyzed for nitrate-plus-nitrite concentrations and
specific conductance. Sample analyses will be used to estimate the gener-
al magnitude of the reported nitrate problem, and provide information in
designing more detailed water-quality investigations planned for later
stages of the project. Followup samples were collected from some wells
between September 1986 and September 1987 to observe seasonal changes in
nitrate concentrations. All ground-water-quality data collected through
December 1986 are included in table 1 (at end of report).

Samples for water-quality analysis were also collected from selected sur-
face-water sites in September 1986 (table 4). Seepage from the irrigation
systems is a source of recharge to the ground-water system and, therefore,

a potential source of nitrates in the ground-water system. The surface-water
samples were collected for comparison with the ground-water samples.

REFERENCES CITED
Rantz, S.E., and others, 1982, Measurement and computation of streamflow:
Volume 2, Computation of discharge: U.S. Geological Survey Water-Supply
Paper 2175, 631 p.

U.S. Geological Survey, 1977, National handbook of recommended methods for
water-data acquisition: Office of Water-Data Coordination, chapter 2.
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Table 1.--Well records, water levels, nitrate-plus-nitrite concentra-
tions, and specific-conductance values in wells composing

the water-level network

Altitude of 1LSD: Altitude of land surface at well head.

Opening data: Refers to interval (in feet below land surface) where well is
open to aquifer. This is generally the screened or perforated section of
a well completed in sediments and the open-hole section of a well
completed in basalt. Where opening top equals opening bottom, well has
only an open-ended casing.

Use of water: A, air conditioning; H, domestic; I, irrigation; N,
industrial; P, public supply; R, recreation; S, stock; U, unused; Z,
other.

Water levels: Where multiple water levels are shown for the same day in a
well, the water levels were generally taken a few minutes apart and are
presented in the order taken. A mnegative level indicates a level above
land surface.

Status (of water level): C, cascading; D, dry; F, flowing; I, injector

site; P, pumping; R, recently pumped; S, nearby well pumping; T, nearby
well recently pumped; U, unknown; V, foreign substance on water surface
(oil from turbine pump lubricators, and usually only a few feet thick with
resultant minor effect on water-level mesurement); Z, other.

Method (of water-level measurement): A, airline; G, pressure gage; S, steel

tape; T, electric tape.

13
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